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Estimating ﬁ,\area and dry mass of cashew]leaf: Effectrof tree position within a
plantation yjear )oz(m/(dvt / Henin

Abstract.

Background and Aims: Accurate and non-destructive methods to determine individual leaf
areas and dry mass of plants are very important because they are key parameters linked to
plant production and they are used in functional-structural plant models to simulate plant
growth. This paper describes an investigation of the variation in cashew leaf dimensions at
different sites within a plantation with the aim of developing a model for calculating leaf area
and dry mass.

Methods: Five positions (south, central, north, east and west) were considered in an eight
years old rectangular cashew plantation, with an area of 3.5 ha. Two trees were selected
randomly by location. Their crown was divided vertically into three zones. Within each zone,
60 leaves were collected randomly on different categories of axis of the tree. The length,
width, area, and the dry mass of each leaf were measured.

Key Results: The longest leaves were obtained in the north, center and south of the plantation
(15.27 c¢cm). The leaves of trees located in the south of plantation were the largest (9.6 ¢cm)
and had the largest areas (109.1 cm?). The largest quantities of dry mass were obtained from
the leaves of the trees located in the south and in the east of the plantation (1.35 g per leaf).
The best models according to adjustment and prediction qualities were in all cases as such
§= aln(LW) + b for leaf area and m'= aln(LW) + b for dry mass.

Conclusions: These data demonstrate that there is an important variation in leaf size and dry
mass according to a tree position in the plantation. Therefore, it is important to take into
account this variability in the sample constitution when trying to estimate leaf area and dry
mass. ’

Key words: Leaf area, dry mass, tree position, sunlight, cashew, models, Benin.
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Introduction

Leaves are one of the main plant components involved in plant biomass production through
photosynthesis [1] (Tondjo et al. 2015). On an individual plant scale, the leaf area and
specific leaf area, i.e. the ratio between leaf area and dry biomass, have been shown to be
good indicators of plant productivity, for instance on poplar clones [2] (Marron ef al.. 2005).
T

{ - s . . ~ . - . . .
%eaf area i¥furthermore ap important variable for most ecophysiological studies in terrestrial

ecosystems concerning light interception, evapotranspiration, photosynthetic efficiency,

fertilizers, and irrigation response and plant growth [3] (Blanco and Folegatti, 2005). It

- alsg A
additten, the leaf area is required for assessments fruit growth, evaluation of training and
A s

pruning systems, and estimation of pest population densities ({4], [5]) (Lang, 2000, 2005).
Functional-structural plant models (FSPM) [6] (Fourcaud et al., 2008) can facilitate the
understanding of the functional links among leaf characteristics, carbon production and
allocation. Consequently, the easy, economic, and precise estimate of leaf area or dry mass of
leaf has been a concern to plant scientists for a long time. The most common approach is to
develop ratios and regression estimators by using easily measured leat parameters such as
length and width [7] (Kvet and Marshall, 1971). Comparing several non-destructive models
of leaf area of taro, Lu et al., [8] (2004) proposed that the simple and linear relationships
between leaf area and leaf dimensions (length, width) could be useful for non-destructive
estimation of leaf area. Thus, non-destructive models for leaf area determination have been
established for many species such as maize |9] (Stewart and Dwyer 1999), bean [10] (Bhatt
and Chanda, 2003), taro [8] (Lu er al., 2004). kiwi [11] (Mendoza-de Gyves et al., 2007),
ginger [12] (Kandiannan ez al., 2009) and watermelon [13] (Rouphael er al., 2010). Similarly
within the framework of fruit trees, several combinations of measurements and models
relating length and width to area have been developed for several fruit trees, such as grape

{[14], [15]) Montero et al., 2000; Williams and Martinson 2003) and avocado [16] (Uzun and
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Celik. 1999). However, models to estimate the leaf area of CashewAare almost absent in the

literature.

f’m

g
g&

The cashew tree is native to the Caribbean and tﬁ“Nﬁ%#%&@#ﬁmﬂl It is now widely

1

cultivated in all tropical areas, such as Africa, Caribbean, Brazil =

Northea%, Southeast Asia
and India. The economic importance of this plant lies mainly in its fruit (cashew nuts). For
example, in Benin, cashew nuts.s the second export crop after cotton and its importance is
increasingly growing in agricultural production systems [17] (PADSE, 2003). Cashew
accounted for 8% of the total value of exports in 2008, 7% of agricultural GDP and 3% of
GDP 18] (Tandjiekpon, 2010).
S

Meézeaves, the predictive accuracy of non-destructive models of leaf area or biomass depends
on the variation of the leaf shape within the same plant and between accessions [19] (De
Swart ¢t al., 2004). This variation may also be related to environmental factors including the
guantity of sunlight captured by the plant. Indeed, plants produce several types of leaves
during their development. The first few true leaves produced are usually smaller, simpler, and
anatomically different from leaves produced later in development [20] (Poethig, 1997).
Change in shape and size of successive leaves on a plant are related to physiological changes
associated with increasing age of the plant [21] (Esau, 1965), interaction between the shoot

£

apical meristem and the deve oping leaf primordial [22] (Byrne er al., 2001), ﬂgenetlcall

L{UHL? /1 ;ff}

F&%&%@éﬁmﬁ-@#shdpe maturation and a variety of environmental factors [20] (Poethig,
1997). Therefore a good estimate of the production model requires accurate estimation of the

area and mass of leaves taking into account any possible variability.

The aim of this study is thus to develop a non-destructive estlmdtlon model of ihe area and

i gﬂ;{t‘saé @;J“fgé?é(f,

dry mass of leaves of cashew takmﬂ into account the trees ﬁp@&uea»m a plasting for a better
f;j o %‘?\ﬁ)ﬂ £

understanding of the variability of P }producnon by photosynthesis.
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Material and methods

Data collection

74

Se—

g}i{gﬂ (g [ J’f”?“{f/y?[;%? o
The cashew tzee,selected for the study was 8 years old,,rectangular asdowith-an area of 3.5 ha
K y y
with near c..lh;/ Benin
e a density of 400 trees/ha It is ocated s the district of Pdmkou (9°20 'north latitude and
\ y
éyé’kfé

2°35" East longitude);gfgﬂe climate is of Sudanese type with a rainy season (June to

November) and a dry season, (December to May). The average annual rainfall varies from
)

1100 to 1200 mm per year, Fhe @nnual avemo%tempemture varies between 26° C and 30° C.
S R

The warmest month of the year is February while the cooleg}'rs August. The relative humidity

varies from 15% in the dry season (January-February) to 99% in the rainy season (August-

September) while the annual average insolation varies between 2,200 and 2,400 hours.

f;f;? %’l{“f
by st
gg«ff‘? ﬁig?"w

s

Pree

: P ; am
. o \ , ??f"} “
The plantation was divided into five zones (south, central, north, east and west) m&W v»;zf L

direction of solar radiation movement. In each zone two trees were randomly selected.
ﬁwwm

Selected trees have an average diameter of 20.68 ¢cm and an average helght of 5.15 m. Thga
Wb e 7 i” - awg./zz,« Wit ”1%’;

7
crown of each tree h-&w%n divided vertically mtor\t hree LOH€> In each zone, 60 leaves weré

-

i

collected from random manner taking into account the possible wide range of dimensions for
the categories of axes. In total, a sample of 180 leaves were collected per tree. On each leaf,

the following data were collected:

- the length of the leaf representing the distance between the top of the leaf blade and

stipule of the leaf (petiole base);

- the width of the leaf corresponding to the leaf width measured at half of the length:

- the leaf area representing the entire area occupied by the blade. Each leaf was

photographed with a digital resolution of 18 Mega pixel camera. The leaf area

i ./
v§ ));
;,’/éﬂf/{; AL
5
- 27"
g‘iff -
/j
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corresponding to each image obtained was determined using the Mesurim Pro version

3.4 software;

- the dry mass is the mass of the leaf when it is free of all the amount of water it
contains. To determine the mass, each leaf was dried in an oven at 103 °C for 24
hours and then stored in a room heated closed storage for 24 hours. They were then

weighed using a balance to 0.01 g accuracy.

s
Data analysis 2 "E B}

¢
s, /

H

g

Gnitially, data was descrilze/q:}gecondly. the effect of tree position on the dimensions of the
WNM

cashew leaf was evaluated using analysis of variance method with factors for the position
(five modalities: south, central, north, west and east) and the trees. The Newman-Keuls test
was also used to structure the mean in case of significant difference. The method of
covariance was used to test the effect of the position on the estimation of the leaf area and dry
mass. The position was considered as a dummy variable in the models studied. The
estimation models of leaf area and dry mass were established using the linear regression
method. In this context, different types of models were tested (Table 1). The Box and Cox
transformation was applied to the response variable in order to make valid the conditions of
application of the method. The Box-Cox transformation is indeed a transformation of the

dependent variable that can be closer to the normal distribution and make constant variances.

The prediction quality of the models was evaluated by the cross-validation method in order to
limit problems like overfitting. Indeed. cross-validation tests the predictive accuracy of a
model in a testing dataset relative to the predictive accuracy of the training dataset from

which the model was established. Ideally. with a large enough sample, a proportion of



125  observations is assigned to the training dataset and the remaining observations are assigned to
126  the testing dataset. The model is constructed using the observations of the training dataset,

127  and the predictive power is tested using obselvdtlons from the testing dataset. The prediction

I T, ,?f o &

f"’www\
128  error 1§ estimated by calculating {S/n the testing damset the mean square error, }"he sample
f, SRR NN

«
TV ;{@‘

129 sizeg 4@ not large enough m—ﬂﬁe—e@mex@-mwéy“ the appmach used was leave-on-out cross

130 validation method which eensist-to dividesthe original sample i samples (n is the sample

wiES  penpning s
131 size); %then select’one of the n samples as the validation set andithe {(n-1 )Fi@&i%r samples,formed
> i H

132 the training set. The mean square error was calculated. The operation was repeated n times by
133 selecting another validation sample from the (n-1) samples which have not yet been used for
134  model validation. The average of n mean square errors were calculated to estimate the

135  prediction error.

136 Table 1

137

138  Results

139 Description of data

i i C .
The avered porngé?
140 | Leaf length mﬂa&emgé?between 13.70 cm and 15.49 cm, U5 e y= with an average
;{;E\ 2 % . “’ﬂ(‘}’fg;w {;(,»5{{_ {,,;{5« s },{.é?;,

141 error of 0.12 ¢cm and 0.15 cm (Table 2). The Wﬁlenﬂvth W{&Wb%am@déon the-feaves-of the

i bhe ggg{ Coip et wn i%mga i4
142 trees situated Rnolth whlle the shorteb fength fxmmwmﬁwﬁm&the
‘f}a:'t',éfﬂ . Tle avvg §5£< W ?&%L Feeeg s Wﬁ(’ 7 wf/“i: g4 ;“ﬂ"ﬁf‘“f? 74
143 west, W}WM@L@WWWW@@ 37 em to 9.60 cmm'llheo

w#xyf/ e v{{w' s ) ?a {:‘Ffug

144
145
Y i il . .
146 avemgeﬁbetween 66.77 ¢cm?2 (obtained in the east) and 109.14 cm2 (obtained 1n the south).
v AT i vf

147 The,ghy mass of the leaves vamww hom I. ()3;.40btamed in the west) ‘mé 1.2 9sj



. (gg
;‘;5

148  (obtained in the south).

“The variability was of same order of magnitude for most positions
o e N i S i

149 ( regardless of the parameters considered.

150  Table 2
151
152 Effect of the trees position on the characteristics of the leaves

153  Evaluation of the effect of the tree position in the planting with respect to the solar radiation
154  on the features of the cashew leaf Wshowed that the leaves having larger dimensions

155  and greater dry weight were obtained from trees located in the south area of the plantation ¢+5—
P

~ /
156 Ww%%%?ﬁ%"ﬁmww%wmw@?) Whereas,

157  the leaves of the trees from the west side of the plantation are small and have the lowest value
158  of dry mass (337 tnrin-length-8:4-em-in-width.- 714 cm-forareaand-l-g/leaf-to-the-dry.

159  mass)- We also note a slight gradient to lower values from south to north and from east to

160 west,
161  Table 3
162

163 Estimation of leaf area and dry mass

. 4
{jﬁife‘}%é (e
164  The results of analysis of variance W&@.ﬂhﬁ&iﬂﬁd«@hﬁwed}that tree position influenced

165  the area and dry mass of the leaves. These effects were confirmed by analysis of covariance
166 whose results have not been presented in the paper for brevity. Indeed. the results of

167  covariance analysis showed that the dummy variable had a significant effect in each model} Hacs
Wi g}' iy ;5 "?“éff ésf
168  JThese-teswatits suggested jthat estimating the leaf area and dry mass must beﬁd@ﬂe fmﬁ tree

169  position in the plantation.
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178@”’;“ Normal probability plot of the residuals %he-wedalmost linear
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Exanvining-the-results. ?egcud ess of t 1e§p031t10n bhowed that the best models from the point
of view of fit quality and prediction quality were in the form $"= aln(LW) + b for leaf area

(Table 4) and in the form m’= aln(LW) + b for dry mass (Table 5). h@@ﬁm these models

i,
e,

— 1»:

W )
adjusted R? Vilii} are highest. indicating that they were relatively well adapted toﬁdata. In

addition, in terms of prediction, the mean square errors obtained by cross-validation were

fowest. % j ,
T mod i >
Méreever, {he diagnostic results of the, 1eslduals (Flmles I and 2) comply with the conditions
1 pry

of applications of the method,} . no potential outliers in the data.

W ixggf’fz«" e

L Hﬂz ig%g/g;;
distribution. Dla(rmms% xleudua values based on the adjusted values pf@s,%mgei a raridom

pattern, su‘ggestms_ that the residuals had constant variance. Graphs of taeﬁ)

and Yugbstiotd
h@é}@idu&l values showed no particular pattern. Therefore, these models were those that best

predicted the area and the dry mass of a new leat from a tree located at a given position of the

planting. ~
v \ \ by
Although the models of form $'= alW + b, §'= al? + b and $'= aW? + b o leaf area insthe

ongepart and form = alW + b, m'= al? + b and mi'= aW? + b for dry mass, -onthezether
H
fr bl

‘hamd, had relatively high adjustment qualitiesf neu? of the selected models. they nevertheless

presented poorer predictive qualities. The femn models $'= aL + b, S'= aW + b, §'= aln(L) +

. joid . . E
b and 8= aln(W) + bgg\leaf area ofthe-one-part and fesm m'= al + b, m'= aW + b, m'=

i

aln(L) + b and m'= aln(W) + b for f dry mass, en-the-other=hand, gavé gli erlliZH?il;te results
Table 4 N /7
Table 5

Figure 1

Figure 2

;!pl-@@, consistent with a nor mjj{z

ga{»’;;;‘iww% wmf"f ff%«’ ;}gvgg

z}’

4, M

§ L



194  Discussion

%»/ ‘i}&’
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195  In this study, the effect of the cashew tree pesiwet in the plamam Wﬁhmd on the

U9 & gt &ié
196  estimation of leaf area and of the dry mass of the 16&\’6\ In the htemture several models

"
A A {f‘ﬁff’“{? &k Whic b [

197  were described to estimate the leaf are?? FWGIG generally 7}‘%
J i

198  functions of the length and width, but very hggtle information \?mds available for caxhew
z £ :

17
199 i}%ﬁfgﬁ;VH o ,§ Hee g{‘g» 5;(22/‘{{/ FA (é’;"i’f ‘»?L ﬁ%"f‘f fji;f fg}f’ij/,, V%‘“ ¢ s s ’c;;?é?{?gf;

o died 15 ¢ {;g + m;{ys §
?? A gﬁ*“’é 1% ;g/ ;i‘f? éﬁ;j:f&ﬁ‘f
200 The average values obtdmed for the%W dlmenuom for different tree in the
& f
{ ‘{Zf’s’ 5,‘{{@; ?fﬁfvf{"% ﬁ?’:}
201 plantation wer@with those reported in the literatulej( gth-varies )7
202. ¥, Similarly the values of the leaf 3 Vi
Ly wfswz ey,
{7
203 area are consistent with those reported by Archak et al. [23] (2003) who repor ted leaf size of

A

;o‘«*
204 87.2 cm? and al) ang eof 514 t0 1743 Lmz jAssessing the effect of the trees Mﬁﬂ the

7 g/f g Ff L «!/fvg
205  characteristics of the leaf showed a slgmhumt effect on both ﬂ;@éﬁne&mﬂt&e eafggna&

s
ﬂ“““‘«:’y A f”"” Vs i”/,“ff}fﬁ é"r {éfﬁ'f?fé Parea

-

f e g{ ?
Wihegt g5 The ;
206  dry mass. The heaviest leawes and laroe dlmemmﬂs‘fwere om%ln the south f fgﬁhteg ; /
| ggpe§ gteufi e/ seckiors -7 : “ /sf“'fxi/f /i//

207  and Small&?&m@ﬁ%—iﬂ%w@%@-ﬂbﬁ%ﬂeq in the east and westﬁof the plantation.

MW%% /, (5L

208 trend. ;Fhe function of leaves is to gather energy ,f seofgpies
1 R

/x‘f‘

209 / Ir
210 1 photosynthesm The anatomy and growth of leaves 1s Lomplex Fhe soil 1s m(ne “or less; / /{(
- feduse

Mwmf_:/ - s”.@w« ;

- . gud ot gl Vi/'!;ﬁw prCl fo«&
211 homogeneous in-the plantation and Wthe same silvicultural treatment,
e F

"x H ﬁf BFerE.
\/{,f{f,‘//? 7 -

212 can-beeXphimed-umeng-ethssthings-by the fact that trees located in the south fog plfﬁtanon ;Z

1 3*{ <d i i e e 0S mor S ’{f;}%’

213 -have-mere-sunlight and-therefore produce more dry Indssftegbeu”gxmh&ndﬁée%%pmﬁt

214 lageed, Egleaf subjected to a given illumination (useful quantum light for photosynthesis )z

}(§¥?

215 will absorb aw@ﬁe&zﬂgquantlty of carbon dioxide from the air (CO2) andi-following-vartous

216 ions produce carbohydrate base Compounds:,m

217 plant growth [24] (Jones, 1992).%@?@;@&',}% key feature which influences the interception of

218  photosynthetic radiation of a vegetation canopy is the inclination and azimuth of the leaves



219 [24] (Jones 1992). Hﬂd@x_ndmwm%; total incident radiation (PAR) at a given

Ko . . . .
220  time on a Lanopv comes from all directions efsthe.celestial-eanopy,in varyling quanfities
221 according to each of these directions [25] (Deneroy ef al., 2()()2);; 4 yeis >, it 5 %ﬁ«g

222 interception is different for each incidence angle of the radiation [24] (Jones, 1992). In

223 addition the angular distribution of the incident radiation intensities also vary over timeg {’i %f?*’*’w? g 1419

TN
)

224 Wﬁ@%he hewht of sun in the sky [25] (Deneroy et al., 2002). Furthermore. \%,,;5 etk i

: : A ) ex /::Jfg;fzgf‘
225 pbsel vations in the field showed that ndtuml Vegetatmn located south of the plantation was / ve [eyance

e
226 | more open with the presence of yam fields in particular, Niinemets ef al. [26] (2007) reported

WW /’

Yo
227 that variation in leaf size is associated with major changes in, w1thm leaf support investments

7 laree modifics %’%gfﬁf %5/’ £
228 cindkwml»arve modifications in integrated leaf chemical and structural characterlsncs”‘zw/ ¢ ko ;&é«;f‘
229 by ;fadi ﬂg{ D
%
A 5236‘?@3 igf’%’{} ‘glj@wiiﬁ (s {; ga fﬁ; f;”zz s

231  the quantity-of-dey-mass-content varies ac T’Waﬂ r im

o f ”é,{ - g ’ ;&’g;, : ?
e=fiterature ([21] Esau, 1965: [27] Wardlaw. 1968; 4 iﬁé‘*’

232 ressdt is consistent

>

233 [19] De Swart et al., 2004). Other authors like Verwijst and Wen [28] (1996) and De Swart et
234 al. [19] (2004) also mentioned a difference in shape between the leaves on the main stem and
235 those made by the lateral branchesgespectively in Salix viminalis and Capsicum annuum.
236 However, Tondjo et al. [1] (2015) did not detect a difference between the shape of the leaves

: ot " _dutthoyd Atind

g?
237 Aremm, the stem and %c-cf-*h-&pe'-e%ﬁthe branches teak 97

238 differences between the dry mass of the leaves from the stems and those of the branches.

P

239 /Smnlal 1esu1tswele also obtained by Leroy er al. [29] (2008) who mentioned the existence of

240  the variability in Ieatwlmked to the dIChltELtuldl position and the axis category of
N mass ,szf (leea } y’*i’cﬁ 10 ¢ 5;‘;@’

;{ £ 5’&}5&?& ’
242 %&Wﬁe influence of the tr ee%pm on estinate-the leal area and dry mass ek
Was e f; i@%iﬁ(, FLVidus

243 -leaxes Mﬁhlgﬂiﬁcaﬂt}e@@t thus confirming the (previous results. JIn fact. the re ;gz,i =3

AL eie o A b [, ;,J,Ojgg( X
Gy tad | Mewiag A0 Aobecence m W /tat sh, apl T L erenl@ s

73 4]
s o o 1 fA
in leak a?%\e";/ maes S Ve

241  the parent shoots.
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é{if‘é‘{ 1o el éSe g‘;é;g {ﬂs‘g/)(f;f;if; fi
g?gfg ;’?f’!&g@agﬂ%‘zf ﬁf@&j /¢ ¢ fﬂ@é 7 #
g S gfigg IR ?Vj”f> G4
W ~
W;? )
comparison in pairs of the five estimation models for each characterjstic (leaf area and dry g,

i

gt I2i e g;
mass of the leaf) showed that different models should be used fow Wh&t%ve ﬁe {

»{?gi}f;’}z?‘} f
gensidered position, the models bmgpredmt the leaf area and dry mass of a new leaf in a

plantation of cashew, From-nies idth-are logarithmic models of

the form §'= aln({LW) + b for leaf area and o’ = aln(LW) + b for dry mass. In wg @f {7

A 0es

M A
terms of fit quakiey-okthedata, the models obtained dle%nd igenemlly satisfactory™ Hpew prows
o

At R ——— L2 P T 9 3‘5&;

(R2? varies from 0.51 to 0.86. for leaf area andé’() ?()/ﬁo 0.80 for the dry mass). Moreover. the g;g;f;g%;?é ase
‘?%ﬂ"{; et ) N
prediction errors obtained by cross-validation are rather low and vary from 0.0001 to 0.2978 (p=.cs F ».eo0i )

{ouyab
for leaf area and from 0.0001 to 0.0116 for dry mass. Piedlctmndq.m&j { leaf area of a new

fi
GO MG\; ¢ . .. .

leaf are mmeﬁesthm for models established in tree positions in the north, center and east. It

. [£R D \?‘fwj' }:5’? ;55;{:

is less @the}eﬂtﬁt()l those in tree position of south and west. ?;Eemrd to hhe;dry mass, all

e
models obtained predict efhuently he dry mass of a new Iea’r}althouoh a number of these ( g;fn é% }y,ﬁm
P Cad "gii

e I ety s bris

e gleaf area and

A

i.’(j-";m rey 7

models have a Q}:}Lvely poorefﬁWT
vely poorel 1e AT

dry mass of-the-teaf-can be estimated with good accuracy from the maximum length and the
leat Cyplede”
et width of theisheet 3Unlike the logarithmic models obtained in this study. Murt

al. [30] (1985) had determined a linear Ielatlonshlp between leaf area and the Ws

wwf.{jvfé 5 3;,;»5’51};95 »f,f“»
length and width for the@l’rﬂx’e”s’g;aez, The differences Between the models can be linked
= zd/»gj‘ linide ek P
among other t climate effects; {\’/allefy and espeually the fact that these authors (did not used D57 e vy
W % £
::»ijf ﬁ" g,dﬂw‘?; Q{g/ggﬁz{éi

R —
to thelr selection, a criterion baséd on the a«‘essment ‘of the prediction quality on new edf/:>

Non-destructive estimation models of leaf area based on the measurements ef-tinear

dimensions-such.as length and width have been established for many species such as avocado

[16] (Uzun and Celik, 1999), banana [31] (Potdar and Slovak, 1991), kiwi [16] (Uzun and

Celik, 1999), maize [9] (Stewart and nyyer. 1999) and sunflower [32] (Bange et al., 2000).
Xag& yé% ,§~,~=%'\5‘?’§

Other authors hdve!‘-seeﬁ—tle powelfmodels of ke length and/or width as most suitable for

plants such as black pepper [33] (Kandiannan et al., 2002), vines [15] (Williams and

11
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285
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288
289
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292
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Martinson, 2003). the dwarf coconut [34] (Souza et al.. . 2005), jatropha {35] (Pompelh et al.,
huwe heea deue fg ﬁé‘u{

2012) and teak [1] (Tondjo er al.. 2015). Others agai-were-ests blished models g‘rrom a smo}e

characteristic of the leaf (length or width). Thus, Reynolds [36] (1971) proposed two models
based on each of the two characteristics (length or width) to predict leaf area of a cocoa leaf,
Kobayashi [37] (1988) used the length to predict leaf area of a guava leatylnd Willaume er

al., [38] (2004) akso estimated leaf area of the apple leaf from measurmg-only the length of

+vﬂq_i/”,;ﬁ

the leaf. In this study power, model and models based on the use of a single characteristic
do nat pertsrm well i?“’é“‘g“;’
(length and width) aa-e-le%—md-m terms of adua lity, predietton. The differences between the

ave duc ?é J Wlevences 1n o .
n]()delsﬁawcﬂp@l&@éut@ the conditions of the study environment and the specificity of the

Plastety &{&j.{éﬁ?€
leaf shape of the species studied. The same types of models were obtained for all fp@.s.mgn«s

g{;;v‘»ﬁf'fﬁ»f“
sugoestmg that grow cashew leaves retainisg their shape regardless of the positien. These

ok %‘Lﬁz?‘dﬁiﬁi 717

tesultsaaxe consistent with those of [1] Tondjo et al. (2()1Wk who claimedy on the

basis of the Jmsear relationship between the leaf area and the product of the length and width

I

?:;{ %i;;,{j

that #he leaves have~a—stmple W{wumut change shdpe We therefore conclude that

both length and width measurements are necessary to estimate leaf area and dry mass

- loeake . . - . .

accurately of cashew leaves;zmd the treeépesmeﬂ in the plantation affects the quantity of
i

sunlight intercepted by the trees.

Conclusion

Lo calﬂf")
This aim of the study was firstly to assess the effect of the tre%aeﬁi-t-i-eﬂ»in the plantation on

the characteristics (length, width, area, dry mass) of the cashew leaves, and secondly to a[e./e/a/a mnf 6/5

cakor

estimate with good accuracy leaf area and dry mass of the leaves. The tree pe% in the

marph()r/agl cal
plantation had an influence on the A haracteristics of the ea’f melraémx\ the leaf area and dry

mass. The best models for estimating the leaf area and the dry mass of cashew leave:)zvere = a{

H& mao{e( coe«@:cce s vavy

function of the logarithm of the product of the length and width and wery according to the tree

A

12
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307

308

309

310

311

312

313

314

315

316

317

/o d/ﬂﬂ /0’@%071
pesition in the plantation. It therefore appears necessary 1o consider the position—of treeshin
<5+i»m'\("m5 o Iy .

‘ af. area and dry mass of the leaves aa plantation
| O geuieds pocstion invefyon b
and s—defauti-—te ée&s@lepm'nspemﬁc model Afor each pe%&eﬁl\@-t_gbe—-twes-@%e&dmg the

mef p{ enc € o
m.@wm%m‘o‘r the solar radiation.

the sample design for
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399  Table 1: Different forms of regression models tested 7{& eé?L/ma)te /Ca‘ﬁ areA ‘“/L&Q J’V mass

‘ﬁ/r casew Trets ;nCav Far4 /(d(/t , enin .
A 7 Equation

Model
Leaf area Dry mass

1 S=alW+b m'=alW + b

2 = aln(LW) + b = aln{LW) + b

3 S'=al +b m'=al + b

4 = aln(L) + b m'=aln(L) + b

5 S'=aW+b w'=aW + b

6 S'= aln(W) + b = aln(W)+ b

7 S=al?+b = al? + b

8 S=aW?+ b = aW? + b
400 § = leal area. m = quantity of dry mass, L = length of leal, W = width of leaf. ~ = coefficient maximizing Box-Cox transformation, In =
401 natural logarithm, ¢, b = constant to be estimated.

402
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403 Table 2: Deigrlptlo of the }ea-w:s-characterlstlcs,fxccordlng to the tree pestion lo Cﬂﬁlll/y/ M & /q /quégl, )

nead  Farakow, henin-
Characteristics Tree position Mean Mean error  Coefficient of Variation  Minimum Maximum
Center 15.28 0.15 18.80 4.50 25.00
East 14.06 0.14 18.59 4.80 20.60
Length (cm) North 15.49 0.14 16.71 7.50 2230
West 13.70 0.12 16.32 2.50 20.30
South 15.02 0.15 18.40 8.80 24.00
Center 8.45 0.08 17.70 5.30 14.00
East 8.57 0.08 18.75 3.80 13.80
Width (cm) North 8.44 0.08 16.87 3.90 12.20
West 8.37 0.07 15.38 5.70 12.20
South 9.60 0.09 18.56 5.20 14.70
Center 96.42 1.88 36.98 32.44 234.18
East 66.77 1.29 36.34 12.73 155.80
Area (em’) North 91.79 1.70 34.81 29.36 198.78
West 71.41 1.19 31.30 17.52 139.17
South 109.14 2.11 36.66 34.61 251.49
Center 1.19 0.02 31.78 0.50 2.47
East 1.24 0.03 40.01 0.18 347
Dry mass () Nosth 119 0.02 3244 0.38 2.49
West 1.03 0.02 32.81 0.21 2.06
South 1.29 0.02 35.02 0.35 2.90
404
405 {. ca 6[,@:/
__The eat N :
406  Table 3: € ; average values of the,characteristics of t-he_],ea.t.ac.cmﬁmg-m-ﬂlﬂﬁrees ¢ /lnacaﬂj/ a1
A o' d f / )
407  postien-in-the-planting by Fvee location in a p/amlméfw near Boval ocergenrile
. g 7/ en | ara ko, f,, .
] €nryy
. . Dry mass
Position Length (cm) Width (cm) Area (cm?)
(g/leaf)
South 15° 9.6" 109.1° 1.3*
Center 15.3° 8.5 96.4° 1.2°
North 15.5¢ 8.4" 91.9° 1.2°
East 14.1° 8.6" 66.7° 1.2
West 13.7° 8.4° 714 1.0°
408 For a given characteristic, mean sharing no letter are significantly different at the 5% level.
409
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410  Table 4: Prediction models #fpleaf axeame@e.pd-n-n&-&eaﬁhe- tree pesHion m the plantationg #€&«” ﬁd!’ﬂ/(m/‘ge”’%

Tree Position in Parameters Adjustment parameters Prediction
. Model A max
plantation - 7 7 5 R error
S'=alW+b 0274 0.006 2.657 7341 0.00  0.67 0.0385
S'=aln(LW) + b 0.032 0.033 0.996 818.2 0.00  0.70 0.0001
S=al +b 0.087 0.013 1.281 6153 000  0.63 0.0008
Center §'=aln(L) + b 0041 0054 0975 6203 000 063 0.0001
S=aW+b 0.171 0.069 1.581 540.0 000 060 0.0071
S'=aln(W) + b 0.081 0.187 1.043 5493 000 06! 0.0007
S=al?+b 0.211 0.002 2184 5774 0.00 062 0.0151
F=aWi+ b 0.248 0.008 2.499 497.0 000 058 0.0319
S=alW+b 0.428 0.016 3.931 495.70 000 039 0.3541
‘= aln(LW) + b 0.119 0.145 0.948 473.00 0.00 057 0.0021
S=al + b 0.256 0.076 1.826 412.20 000 054 0.033¢
East : aln(L} + b 0.092 0.182 0.985 394.50 000 053 0.0011
aW+b 0.295 0.165 2,001 381.80 0.00 0352 0.0640
S=aln(W) + b 0.174 0.484 1.027 371.00 000 051 0.0083
S'=al?+b 0.389 0.007 3.593 419.20 000 0354 0.2327
$S=aW?+ b 0.401 0.020 3.814 37810 000 052 0.2891
S'=alW+b 0.437 0.025 3.839 1886.00 0.00  0.84 0.1922
§'= aln(LW) + b -0.088 -0.062 0.974 224900 0.00 086 0.0001
S'=al + b 0.334 0.187 1.566 1473.00 000 0381 0.0546
North S: alp(L) + b 0.110 0.348 0.68%8 1510.00 000 081 0.0008
§=aW+b 0.097 0.033 1.262 107400 000 075 0.0007
S=aln(W) + b -0.135 -0.137 0.839 118100 000 077 0.0002
S=al?+ b 0.536 0.023 5322 1372.00 000 079 0.9056
S=aW2+ b (.293 0.014 2.699 93170 0.00 072 0.0414
S'=alW+ b 0.555 0.037 6.199 354.30 000 030 17200
§%= aln(LW) + b 0.418 1.894 -3.046 37290 0.00  0.51 0.2978
S'=al +b 0.419 0.237 2.676 258.50 000 042 0.3593
West S= aln(L) + b 0.362 2.216 -1.142 26580 0.00 043 0.1623
’ S'=aW+b 0.534 0.908 2.076 370.20 000 051 1.3046
S'=aln(W) + b 0.462 4.880 -3.208 368.80 0.00 051 0.5283
S'=al?+ b 0.469 0.011 5.142 243.00 0.00 041 0.7021
S'=aW?+ b 0.602 0.078 7.338 359.60 0.00 050 29732
= alW+ b 0.485 0.026 5.787 401.00 0.00 053 1.4494
S'=aln(LW) +b 0.314 1.054 -0.899 407.50 0.00 053 0.1238
S'=al + b 0.434 0.309 2.885 337.30 000 048 0.7835
South S'=aln(L) + b 0.354 2.520 -1.603 32530 0.00 048 0.2537
S=aW+b 0.388 0.328 2932 272.00 0.00 043 0.4551
St=aln(tWj) + b 0.322 1.836 0.339 27190 000 043 0.1697
S'=al?+ b 0516 0.018 6.968 332.70 0.00 048 23817
S=aW?+ b 0.448 0.025 5.631 255.00 000 042 1.0869
411 §=area, L = length, W= width, 7 = coefficient maximizing The Box-Cox transformation, /n = nawral logarithm, g, b= constant estimate.

412
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413 Table 5: Prediction models ﬂ’Aleaf dry mass chcording to the tree’[géﬁ-r&em in the plantationxg /1 ar /[ar @(}
Tree position in Parameters Adjustment parameters Prediction géh 24

Model A max

plantation a b F p Raj error

m'=alW+b 0.399 0.001 0.871 593.10 000 063 0.00186

m's= aln(LW) + b 0.075 -0.043 1.199 688.50 0.00  0.66 0.00011

m"i: al. + b 0.097 -0.002 1.023 465.60 0.00 057 0.00002

Center m'= aln(L) + b 0061 0204 1535 49570 000 038 0.00100

m'=aW + b 0.328 0.027 0.793 31090 000 059 0.00115

m'= alnfWy + b 0.188 0.069 0.860 519.00 0.00 039 0.00010

m'=al? + b 0.228 0.000 0.953 417.80 0.00 054 0.00043

ni'= alW + b 0.451 0.002 0.859 475.60 000 0357 0.00322

w'=alW + b 0515 0.004 0.551 912.90 000 073 0.0134

m”: aln(LW) + b 0.037 0.247 -0.136 102000 000 075 0.0028

m'=al. + b 0.268 0.049 0374 682.30 000 067 0.0081

East = aln(L) + b 0.026 0417 -0.057 691.60 000 0.67 0.0033

’ m'=aW + b 0343 0.090 0.300 764.80 000 0.69 0.0093

m'= aln(W) + b 0.149 0.544 -0.112 782.40 000 0.69 0.0049

n?/"z al?+ b 0450 0.002 0.625 637.30 0.00  0.65 0.0146

m'=alW + b 0.310 0.006 0.609 698.80 0.00 067 0.0155

= alW + b 0454 0.005 0.405 779.40 000 0.69 0.0221

m’= aln(LW) + b 0.122 0.493 -1.302 771.20 0.00  0.69 0.0116

m'=al +b 0.332 0.070 0.018 569.30 000 062 0.0195

North m'/‘: aln(L) + b 0.194 0.921 -1.424 568.70 000 062 0.0146

a'=aW + b 0.287 0.128 0.019 627.10 000 064 0.0181

= alnfW) + b 0.131 0.888 -0.797 611.00 000 0.64 0.0134

= al? + b 0.454 0.003 0.500 550.40 0.00 061 0.0255

nl'=alW + b 0.431 0.009 0.488 607.30 0.00 063 00243

m'= alW + b 0.687 0.006 0.309 1320.00 000 079 0.0115

m'= aln(LW) + b 0.352 0.530 -1.500 1403.00 000  0.80 0.0060

m'=al + b 0.405 0.069 0.050 835.80 000 071 0.0092

West m’?: aln(L) + b 0.239 0.799 -1.084 865.80 000 072 0.0062

ni'= aW + b 0.572 0.145 -0.204 1029.00 000 075 00116

m'=aln(W) + b 0447 1.085 -1.288 1026.00 000 075 0.0091

m'=al?+ b 0.547 0.003 0473 767.50 0.00  0.69 0.0128

w'=alW + b 0.695 0.009 0.356 969.00 0.00 074 0.0149

m=alW+b 0431 0.002 0.854 138.10 000 028 0.0152

m'=aln(LW) + b 0.390 0.200 0.084 155.80 000  0.30 0.0t16

m'=al +b 0.391 0.024 0.709 130.10 000 027 0.0125

South o= aln(L) + b 0.368 0.340 0.153 141.30 000 028 0.0106

m'=aW + b 0.444 0.041 0.694 108.60 0.00 023 0.0177

m'= aln(W} + b 0431 0.367 0.262 110.40 000 023 0.0166

= al?+b 0412 0.001 0.890 115.60 000 024 0.0146

m'=alW+b 0.456 0.002 0.888 100.60 000 022 0.0192

414 m = mass, L = length, W = width, /£ = coefficient maximizing the Box-Cox transformation. in = natural logarithm. a. b = constant estimate.
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